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Abstract
Nanomaterials (NMs) are widely used in health and biomedical applications, however, only a few studies investigated 
their toxic effects. Here, we have developed a capacitive biosensor to detect toxic effects of NMs using whole E. coli
cells as biological reporters and gold nanoparticles (AuNPs) as models. The results showed that capacitive response 
was dependent on the size of nanoparticles. The toxic effect of nanoparticles was also studied using attenuated total 
reflection-fourier transform infrared (ATR-FTIR) spectra and scanning electron microscopy (SEM). Our results 
showed that it is possible to detect toxic effects of nanoparticles on E. coli cells by the developed capacitive 
biosensor. The toxic effects is attributed to the damage of the cells’ outer membrane in combination with AuNP’s 
byproducts, such as free radicals and reactive oxygen species (ROS) entering the cells. The methodology developed 
has a great potential to be applied in nanotechnology for classifying toxic and non-toxic NMs.
© 2012 Published by Elsevier Ltd.
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1. Main text 
Due to expanding use of NMs and commercialization of nanotechnology products, exposure 
of the environment and humans to NMs is bound to increase, and an evaluation of their potential 
toxicity is highly essential. Currently, NM cytotoxicity testing is based on in vitro methods 
established for hazard characterization of chemicals. However, screening techniques commonly 
used for toxicity testing of macro-scale substances may not be appropriate for NM hazard 
characterization, but may have to be adapted or modified with regard to their nano-specific 
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properties [1]. Therefore, the present study aims to develop toxicity assay using electrical 
sensing platform that provides a new technique to understand the toxicological impacts of NMs 
using bacterial cells.
In this work, whole-cell capacitive sensing chip was developed and characterized by ATR-
FTIR and SEM to investigate AuNPs effects on E. coli cells. Fig. 1a shows the capacitive 
response of AuNPs on E. coli cells with two different sizes 5 and 10 nm, respectively. It was 
observed that the capacitive response was increased as size of AuNPs was decreased, which is
attributed to the change in the potential of cell membrane. Fig. 1b shows significant changes in 
the spectral profiles of ATR-FTIR spectra of E. coli due to toxic effects of AuNPs. It was found 
that the intensities of ATR-FTIR spectra in the wide spectral region decay as a function of 
AuNPs size. As, E. coli wall presents a complex structure composed of two-membranes [2]. 
According to Fig. 1b, the sharpest and most prominent peaks at ~3285 (amide A), 2930 (amide 
B), 1635 (amide I, principally from X(C=O) stretching vibrations), and 1540 cm-1 (amide II, 
dueprimarily to N-H bending with contributions from the C-N stretching vibrations of the 
peptide group) belonged to the amide groups. 
The changes in the spectral profile ATR–FTIR spectra of E. coli for sample 1 (10 nm Au) and
2 (5 nm Au) is shown in Fig. 1b. Changes in the spectral profile of E. coli for the decrease in 
amide I (~1635 cm-1) and II (~1540 cm-1) were observed for the significant decay of amide A
(~3285 cm-1). The changes in amide I and II also indicates the protein conformational changes
in the E. coli [2]. The asymmetric stretching mode Xa(PO-2) of the phospholipid phospho-diester 
bond at around ~1240 cm-1 and the symmetric lipopolysaccharides PO-2 at ~1059 cm
-1 also 
decreased significantly. These results suggest an outer leaflet damage of E. coli due to the 
toxicity of AuNPs. Fig. 2 shows SEM images of immobilized E. coli cells interacting with
AuNPs on capacitive chip. After reaction with AuNPs, the morphology of cells were slightly 
deformed and twisted, this suggested AuNPs’ influence on cells.
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Fig. 1. (a) Capacitive response of E. coli cells with and without AuNPs with two different sizes (5 and 10 nm); (b) ATR-FTIR 
spectra of E. coli cells affected by AuNPs with two different sizes.
Fig. 2. SEM image of E. coli cells’ interaction with AuNPs on capacitive sensor surface.
2. Conclusions
In the present study, a whole viable cell integrated lab-on-a-chip based capacitive biosensor was 
developed to sensitively detect the toxic effects AuNPs. Our results clearly demonstrated that capacitive 
response of E. coli was dependent on the size of AuNPs to have detrimental effects. The cell damage was 
primarily occurred due to adsorption of AuNPs on the outer cell wall of E. coli. Our study demonstrates
that it is possible to detect nontoxicity using a whole-cell based capacitive biosensor.
Acknowledgements
This work was supported by the Scientific and Technological Research Council of Turkey 
(TUBITAK) 1001 grant nos. 112E051 and partially by 110E287. We thank Meltem Sezen and Mehmet 
Dogan for SEM and chip processing, respectively.
References
[1] Sur I, Cam D, Kahraman M, Baysal A, Culha M, Interaction of multi-functional silver nanoparticles with living cells,
Nanotechnology 2010; 21:175104-114.
[2] Wang Q, Fang T, Liu P, Min X, Li X, Study of the bioeffects of CdTe quantum dots on Escherichia coli cells, J Coll Int Sci
2011; 363:476–480.
